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Experimental Investigation of the Effect of Different Parameters on the
Behavior of Glass / Epoxy Composite Tubes under quasi-Static axial Loading
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Department of Mechanical Engineering, Tafresh University, Tafresh, Iran.
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Keywords Abstract

Composite tubes Composite tubes may be subjected to quasi-static loads during placement or operation. By determining the impact
Guasi-static loading properties of composite tubes and using them in the design process, the accuracy of the behavior of these
Specific absorbed energy structures in a quasi-static loading condition is guaranteed. In the present study, the effect of changing parameters
Glass/epoxy such as pipe diameter, fiber density, fiber alignment angle and the addition of foam on the behavior of glass/epoxy

composite tubes under axial loading has been investigated. The force-displacement diagram was extracted for all
experiments and compared with other experiments. Also, the specific energy absorption in each experiment was
calculated for all samples. The results of this study showed that the change of parameters mentioned on the energy
absorption of composite tubes is effective. As the sample's internal diameter and the density of the fibers used to
make the sample increases, the specific absorbed energy also increases. Also, the results showed that with
increasing foam density up to 1400 Kg/m®, the sample resistance was increased against the loading and the
specific energy absorption was increased. From the present study, it was also clear that for samples with fiber
density of 400 g/m? and angle of alignment [+45], the clustering mode was folding with a special pattern, similar
to the destruction of metal samples reported by other researchers.
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Table 1 Specifications of the fibers used in the manufacture of the
samples
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Fig. 1 Cardboard Mandrel for composite tube
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Fig. 2 machining of surface of mandrel for sizing ]
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Fig. 3 A: tube rotor device B: Low speed 12Kw motor
U’S"L [ Qlﬁl; 12 IFe e 4]9.‘ u|.>):> oKws :all ¥ JS.::

6l GrouuS i ol 0l Gkl 0,8 0, Lil g3 so oL L YL
Shokesi ol o wsdies SBl Ol el ajsels Sp)8
ol 6l Y08l 6 b b b oad ol el SladTolSon oaisS Cins
Slpaing Gub 0aisS i 4 () balte cond Ll 00l colaiul 3,
el Ly 2 saijlo &S 0

90 <8l gl a5 E £ adnd SUI 5l S90S (sosle (ganys sy
oy S el 0ol ooliiwl 0ogy Sy 2oye g (Jeb ele> b gun
Gl g 50 b o aiges o iuloj] 51 golaws jo (mbaw JBo 9556 L350
- - r c .
e S5 b 6% 520087/ o s IS L S ased
5 a8 S JSx 5 90 55 2 S5 dleas 45140087/,
Syl ze, ol ¢ g cuz Y gy y0 wil ol sl lads
00 925 (2l wsllae (ol et 4l )3 g o8 2 Sgee >

Spe e gl s Slabegd sledises sln Aask cnl
S5 5l 0lys o eV g5l 3l b slapsd g5 a5 w el
IR ».\.J53 UL)% Lj’b coolaw! 3,90 s ulaL..uj).:‘ 9 J‘ le; &5; LER v
S5l ped Al anils mbe Loy el pgd e el S
44805 S 4 mlega e sl 4l cans @ I L g Sblwgs)
095 o2 9 3sd oole 2 51 casie olie (40,5 bglie L T oo s
I .,\;5‘50 Q‘))S s_u.: C)Lal O 9 > u..;l)sl 4 83)...; ool cdlol> .]osl:’u
bl i 5l Qe 2 et S U oy n Saz b dgel 5 (S
5 Ry, A8 SHJEs g8 b ol aiwg dlgd Bl g0« 0,5 Gy Al o
g se oamline o a3l diged 5 gl Ly b ¥ USS

JUsl aiby w58 Glpie & G le (uieelS sla)liSle )
0575 ;0 CBs o aen ol |y BLIL sla isu pled 4y g8 c eSS
(g ol 5o dedee ol wollae sl Bl el gy Sl
S gl oy eaiile C8 0 Cole g 4 Az g b Sl CSle ¢l p
C o N Ay ) Seitadly 8,6 G 0l 42 S pojle g
035 pp 4dB5 5 e 4 mbe (LGS g0 4 398 0ole g0 ol bgle

gl LB Sy 90 4 Yaane S| jselS sl dly) cily o
Sl e (ou)p b digh oo oz 09 (o0 odnal Jyaie a5 S sl
K )5 4 Gegh ol gldiges cole o sl o 4 5L ;0 0929
oS conl Jyane wieils Giegh ol ledige el a5 0l a8 T ass
A oyse B JlE Gle e g 25 s askd sl o) 4 e
oS gleie Jyaine o9 51 0,8 slnl Jyaie jo 1) baaiges ool sl
Wl ol sy Soge a4 az )l on)leS syl olse 4 Ysene
S sk ol ]y Jpaie (25 k8 Gls oo o edle b (S35,
4 e iged (40,5 et b cdiged Sl 5l g piren ke diged
Byo pae o J i g9 5l oolaul Ko Jds b )5 wges 0o 5l
AR )0 97 dpe IS b g Jpaie g5 nl A 50 Sgpes 5 aye
g e 4 g Lo e

! Epikure F-205

wWWwW.SID.ir


www.sid.ir

OSed 5 ol o3l iz el

...6)I..'s§)l¢¢>.zsumfxl/mh:_.fi; S 9pels slaalgl Hlis) Ho alizko Sl o)l puss HBB (2 )5 () )2

9o LS 5)9USd 9 pgle Ay yuis

=)

e

A

Fig. 6 A: Tension device B: Sample between two jaws
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Fig. 7 force-displacement schematic of test quasi static
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Fig. 5 chamfering with 45 degree angle at the end of samples
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Table 2 Specimen specs and settings for each experiment
nlejl 52 4 bgye Slodais g laaiges Slasuine ¥ Jguer

olaws S [oryw al; olaws slas | Cools s al; S »
Lges pod )55 L Lol wY dges Bgai Ll sleass S " "
. T ol
————— (kg/mg) MM o) @) Gk Gk Gk @ (9700
2 10 45 10 100 25 40 [0,90] 200 1
2 10 45 10 100 3 40 [0,90] 400 2
2 10 45 10 100 25 40 [+45] 200 3
2 10 45 10 100 3 40 [+45] 400 4
2 10 45 10 100 25 30 [0,90] 200 5
2 10 45 10 100 3 30 [0,90] 400 6
2 10 45 10 100 25 50 [0,90] 400 7
2 10 45 10 100 25 60 [0,90] 200 8
2 700 10 45 10 100 25 40 [0,90] 200 9
2 1400 10 45 10 100 25 40 [0,90] 200 10
2 700 10 45 10 100 3 40 [0,90] 400 11
25000 285 8 leme Ginlejl plyie 4 Dojlads (iolejl ol (raghy 5
20000 Do dnalio 1 ioles] = b b iolo;] ple Y
516400 (N) plp L iolej] glpg,ms ST jlade 9 S @ a>g5 L
E" 15000 sanlice aS )5.|aJLo.b | 15000(N) )g|).g UT Ja.w}l..o S99y )L)JL:
g S Lol sl ihvgie 9y g g0 Sl Jaie sb o
« 10000 6l oot aisle sladigei a5 )T o g o 050 nl 5l g A5l
5000 50 aS i colie (65,5 Ll lgre as eoliiwl gl ¢ Giolejl ol
A1 Gl 51 5 ol sl ( Sudd bgle 6950 haw o5 pladises
0 Al o gps Gl 5l e A 09l o sl Wil Jol 4l (o g
0 20 40 60 80 100

Displacement {mm)

Fig. 9 force-displacement diagram of test 1
Lol Gialejl aloulomg i jloges 4 JSCd
qﬁ,azwog/m2 GLI L ont asle sladiges 2 Giulojl o

oz i s ileyl ol sle el )b ples .85 18 (Sl 5,135
Gl S b b s assls a5 ol ¢ 1 oyl iale)] &es LI
IS 50 098 patin (5eelS ladlg) ploeial 5 GGyl Gz Gl

Sgd oo oalie 2 91 ioles] slbule—g,0 logei aulis 10

70000

—Test1

— - Test2

1] 20 40 60

Displacement {mm)

80 100

Fig. 10 Comparing force-displacement diagram of test 1&2

251 Gualojl alomlag i lagel anglio Ve S50

gyl S8l cely a5l ool 7 cdigad jo b Anx b CllSS SG
Aol maw alS cel Sl fed g Al logel &g, dldl o
Dgd g0 Aiges 0ledl

Gloass glaizl s 4 ised 55 5l yierkes 52 50>
9 g 03y (S9y plp 0 Cuaglie g diged SIS )0 0dd oSS
255 giaen B2 5l oy - ol 005 538, Wb & 5,5 o oS bl
a5 0gd oo 0L (6,08 4 diged S350 oad cailil gla AT lakedys
Jodo Ol e g Gl 5 ead diged o 5 g, ashl 5l il
el gy i o 4Ll laaSs oyl Conglie

STH Serhyrhfies Machine Control And Report Softwar: o e
@asd)  -x0
H
F =200
o
e A«\/ V
€ [ s & el NI,
i
"o 10 2 » 4 = @ 2 0
EXTENSICH mm
101
00/00n0
- Ssevply D:
Swn i Crose Compressive Test
et 3 ()
irner Doy 20 (man;
Cogo fenghi 100 {mem)
- Epad: 30 Granfen)
(FeadiE)

Fig. 8 force-displacement diagram of Tensile devise software
S oK 33l 5 5l oo gl el oloulag s Jloged A JSb


www.sid.ir

OSed 5 ol o3l iz Sl

...6)IK)QMWJ%I/WQQ)WLY slaalgl Ylis) y alizko Sl el puss JB8B (2 )5 () )2

9oLS 5)9US 9 pgle Ay s

=)

70000

Displacement (mm)

Fig. 12 Comparing force-displacement diagram of 2&4
452 olnlog e oges anlio VW JSCi

Tol & Oy 9 Jol 42l 5l Gy Jloged (olmlarmg o Jloges 95 58 50
sl s 4 Vil bgios ol (AL ) s ogmine by s ¢ b
@z 0 9 Sl i ile sl aiged JBIS 53 (SaSA L g Goes S5 S
9 00,5 Cuglin BLII ¢« vusy oo 4,0 45 aygly b BLIN & cuSs ol a5
Cady BB 5 b jloged ped 4l )0 altes (l S o0 Sgmo 05lg0 loges
Slere slalaged 5l Sad ¢ lawgie (s, S5 Jloged 99 0 Glusi g Canl
sliwly jo BN el Lo 4 s 4l opl jo 1n5 el @2 91 GialeyD)
Soben Jitie Ll oy 4 o bawgd 5 98 ¢ W 95 Jlos!
S5l s ST SE s le ¢ BB e s ole ol 0 s
Pl B 0 o WD Sl Cel ¢l il A 05l o Bres
Ded oo b loges

st 28l alesl g0l plmlomg s Joses 0 Coenl Bl aSS
a5 lazzl 5150 gy Lialial 5 U lids og0 4ol gleil o lagas
5 5l e gl Caoglie alS suims (Lt alis Gyl cibliond i
4 53 olos] slaloges jo atdl ol diges Job o p0 5Ol iow b
5 Sl Ol Cooms 4y pgo Al j0 Jloges STl aS 30l oo 0ty DS
oo 2alS (Fabd) (598 ¢ Ngdor S F i diged 4z 0
e« [#45] Loz clyls sladisas ;5 45 25 ameti lsise « ol o
e a3l 8l S 5 A o e s3] i
Lsie 55508 Yozl « latiges cal 59 4g) Jsb Gial3l b o &9
Wb oo piliEl s Sasd

7 i e 2 U B e 4 BB 5 ] o
20087/ 5 SUIL st wsle sloaigas S5l 8 .l s il
siolesl 58 9 yeo 50 ol 7 ialesT o iendia 30 Jlaie 5 iuleyl jo
O dmolie 13 IS o el eud a8 S lai o ede 60 Ly 8
i oaalin 1 halojl b (talel aw (al (almleg i slo Joges
S i L ol it pydy 4 13 KA o arg b
adl b oo Gl chwgie G905 w0 g adsl 9y SSTas ma dadiges
s Y slaws cuile Coli g digas b LIl b a8 cedl S5 Ll
Gl Jas LB 55505 sl 2 el () 5 05,5 lay G iy
sladiged lp (6551 032 liae )3 8 23U () Eenl IS 50 Aiges
400 GLII L aig05 90 6 (tulejl jo .o plosl 55 40008L1 5l sns axsLes
il 25,5 15 Sl ialeg] o 5 €55l yianken 30 a3
odolie BB 14 S5 10 2 iolesl g Gisles] cpl 5l ol jloges (p

o

Logle G9pm 9 gy ySTam el o oays 10USs jo a5 jshailen
Sl wge il 2 050> 40087/ 5 GUI L et asle sleaiges
Jls S IS al33l b oS e e ot cnl 5 el 20087/
G5 9 cmglin lie wijle (6 VL plSuul (YL oST5 L BLI aS ]
50 45 0gd g0 alamde puizman Wl oo (Kol (ioliEl 50 ead i
oged Gl cod (@ yiackee 60 S0 51) 2 aml sl cend
Sotm gleizl of Lo a8 cedl 1 lejl 5l 5t 2 Giolej] slp
1 bl @ cans 2 Giolos] diges sl diges J510 50 oadsal slacansd
s b dged sdafie phaw 2 Liulej] jo BLIN JBs 20l38 L 15 ool
CajerelS ke o5 Jobo 5o g 4l Gl 1 ales] diged 4 s
L3l i 200be3] Gl aigad (59,0 0 4Bl gazd 5 0dd )5S

@5 3 Oliee 5 S plosez il 4 0453 (rales] o
L ldaiges 3 iolesl o jsbaie poy ol aslyy, 0550l sladises
S L aiges 4 bl s 5 [#45] [ leasr 52008/ 5 L
Sttt Gleshesdy s w3l [#45] Lo 54008/ ,
ol odnlie BB Y 5V laiolesTL ol

50 B agly s Lieogd o 00 12 9 11 IS jo a5 jshiles
wl oo Al (S Lgio G950 w8 g 90 A 0o iged Gladex
(615 ,b shaal s [#45] « [0,90] 5 SL plesnz s L &S 1>
log JGl BLII & a5 4,0 45 wgly b cigad 45 00l ,lg (55970 (5955
L ‘oo)lj )5 (S9y ¢ [090] Ql.a..\,_.? BN aS ol &5”’ BN Q—.’.‘ \.\,.,5‘5&
S @bl g wbe Jil Jsb by o Ll 4 axye - ayl;
5o lads BLI a8 coul oy gy ply y0 SLI Joos ailiw] (gt
00,8 o zals ¢ BLII Joow ailiw] crgly s b (o il g, sbiwl,
e b oo RS gl St 29,0 5l B loged (59, S Ta>g
odigpiny 55 5 55 g [#45] BL al; L laaiges o aSST s @
Al e bologes pes axl o (Fasd laugie 59,08 olime ol
Sobdl bawgie 69,0 el Gliee a5 a9 als (oS alald gy
b oo 205 [0,90] GLINL diges s [#45] BLITL aigas 5o

25000

Testl

— - =Test3

100

Displacement (mm)

Fig. 11 Comparing force-displacement diagram of test 1&3
351 talesl plonlrg i Jloges amlia 1) S5


www.sid.ir

OSed 5 ol o3l iz Sl

...6)I;\f)lgq;ddufﬁl/mm S 9pels slaalgl Hlis) Ho alizko Sl o)l puss HBB (2 )5 () )2

1018 5)9US 9 pgle Ay ks

=)

Sheolanwl b g pgd Iz il a5 sas oo olis ol g A il
258 (o0 550 03 i )l (g g el VL JBS b oleegd

oges aS 0gis so alam>de A5 JSi ;0 10 iolejl Jloges jo e
Ol 5 0gdee sk lrs wised (ad B yierls 60 sg0m 5l ey
oads lax sloaSs glozx! S 50 Jloged a5 WS o lag aslol ol b bgaw
psp JEx 4 bgyye Slsies |y bgios ol s 1S oo Ty Lial33l o bso
Lo i oSy B0 iolesl o eods coliiuwl pgd g awils
sl o515 cnl & ol U oglioe 5 ST iged (Sad a2l
Bgod 55 Gl g 0ad o)y JLid digad ojlges a4y Jlo Bk I Lol oo
b bwgs o 55 950 5l (85w 1nj a8l oY (6505 5y 590
Dy e el Wged o)lpns 4 15158 pod 5l 00y

&5 i b

slogtalesl wnld Jsb po (jseels sladlh po 55 iz oy
Hlawle a5 Wb o0 asein ylhb dix b (Soliulal

OLS E L g sl anly aiges S g diges ghaite phaw Colus oy oS
& ol = 555 o505 o9 5SS L Sl ol Sp5pe 00l
119] & e cews

0 20 40 60
Displacement (mm)
Fig. 15 Comparing force-displacement diagram test 9&10with 1
1 leiTs 10 99 pinlesl (alowlams s jloges anmlia 10 JS

Test2
— « =Test11
1] ']
o 20 40 60 80 100

Displacement{mm)
Fig. 16 Comparing force-displacement diagram test 11with 2
1152 olmlamgps loged anylin 17 JSCb

20 40 60 80 100
Displacement(mm)

Fig. 13 Comparing force-displacement diagram of test 5 &7 & 8 with 1

1 lesTh8 575 ilojl almlrmgyei 3505 alia 1Y JSCB

0 20 40 60 80 100
Displacement (mm)

Fig. 14 Comparing force-displacement diagram of test 6 with 5 & 2
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Fig. 17 Column graph of energy absorption and specific energy absorption for quasi-static tests
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Fig. 18 failure in quasi-static test A: Deflection of the matrix in the axial direction B: Cutting of fibers & composite separation. C: bending in and out

Fig. 19 Specimen failure with fiber density of 200 g / m2 with angle of alignment [+ 45]. A: Crack along the fibers at the onset of failure. B: The
separation of composite pieces. C: Unbalanced crushing and sample crushing. D: Chopped sample after loading
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Fig. 20 Specimen failure with fiber density of 400 g/m2 and angle of alignment [+ 45]. A: Sample before loading. B: Crack in the direction of the
fibers. C: Breaking the fibers at 45 degrees and 0 degrees. D: Modal failure pattern with specific pattern. E, and F: Extension of the sample length

after loading.
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